A seldom-collected terrestrial snail, Guppya sterkii (Dall, 1888) , is recorded for the first time from an older-growth hardwood forest in rural Ottawa, eastern Ontario. This represents a range extension of roughly 175 km north-east of the nearest previously known occurrence. Its conservation status and possible threats are briefly discussed.
Introduction
Historically, the molluscs of the Ottawa region were rather well enumerated by early members of the Ottawa Field-Naturalists' Club, as well as later researchers, who reported on highlights from collecting activities, prepared lists, and issued updates (e.g., Heron 1880, Latchford 1887, La Rocque 193l) . Among the species that they found were a number of rarities at the national, provincial, or regional level. No discussion of the history of the biogeography of terrestrial molluscs in Ontario can be complete without the mention of the landmark publication of Oughton (1948) , who mapped the distributional ranges of land snails and slugs in the province. More recently, however, little has been done since to survey for terrestrial snails in the Ottawa region. Although the late malacologist F. Wayne Grimm lived near Ottawa for several decades, his focus was mostly on larger snails (R. Forsyth pers. observ.). Despite previous interest in terrestrial molluscs in eastern Ontario, it is still possible to find previously unrecorded species in the region (e.g., Forsyth and Oldham 2014) within the remnants of old-growth hardwood forests in this region.
The minute terrestrial snail Guppya sterkii (Dall, 1888 ) (Gastropoda, Eupulmonata, Euconulidae) went unrecorded from the Canadian fauna until the extensive and careful survey work in Ontario terrestrial molluscs by John Oughton (1948), although there is an undated record, perhaps earlier, collected by A.W. Andrews and originally part of the Bryant Walker collection. The majority of these collections are now housed in the University of Michigan Museum of Zoology (UMMZ), but some duplicate specimens were returned to the Royal Ontario Museum (ROM), from where Oughton's collections originated. Oughton or his associates had found G. sterkii from likely 10 sites, from river drift, leaf litter samples, and postglacial deposits. His northernmost and easternmost record was from north of Peterborough, Peterborough County (Fig. 1 Oughton (1948: vi) . § Latitude and longitude are approximate, here derived using an online database of geographical names (Natural Resources Canada 2018) or Google Earth Pro v. 7.3.1.4507 (Google Inc.).
likely widespread in the Great Lakes region of southern Ontario (Oughton 1948). Other than material collected in the late 1990s as part of a study investigating the effects of rock climbing on snail faunas of cliffs along the Niagara Escarpment in Burlington and Milton, Ontario (McMillan et al. 2003) , there appear to be no other recent collections of this species made in the province. Here, we document collections of G. sterkii from the Ottawa region of eastern Ontario. The new records represent a small range extension of roughly 175 km east from a historical record near Peterborough, the nearest previously known occurrence of G. sterkii in Ontario.
Methods
In 2016, we made collections of terrestrial snails in and around Ottawa, Ontario, with our focus on finding new records for species at risk and otherwise rarely seen or not recently found species. In earlier years, one of us (RGF) had made some incidental collections in the region. To find minute, litter-dwelling snails, including Guppya sterkii, handfuls of moist leaves and a small amount of the more decomposed layer below were gathered from places where litter was deepest, such as in hollows and against logs and large rocks.
The specific site of the new records below is a private woodlot in a rural part of the city of Ottawa, near Metcalf. The forest there is Carolinian, composed of species of hardwoods, some of which just barely enter Canada in southern Ontario. This part of the province is within the Mixedwood Plains Ecozone, a region of important terrestrial mollusc diversity in Canada (Forsyth and Oldham 2014) , but one that is heavily impacted by human activities since colonization.
In 2014, 2 litter samples were taken over a broad area, but in 2016, individual samples from 3 areas in the woods were individually sampled. Volumes of litter were not carefully controlled but samples were approximately 2 L in volume. The samples were later dried and sieved to remove coarse material. The resulting fine material included soil, small fragments of leaves and other organic debris, and minute snails, which were removed by careful sorting under a stereomicroscope. Geographic coordinates were recorded using a Garmin eTrex Vista HC GPS receiver using the WGS84 datum.
All specimens were deposited in the mollusc collection of the New Brunswick Museum (NBM), Saint John, New Brunswick, Canada. The following collections have historical records of G. sterkii from Ontario: Academy of Natural Sciences of Drexel University (Philadelphia, Pennsylvania, USA; ANSP); Royal Ontario Museum, Invertebrate Zoology (Toronto, Ontario; ROMIZ); and University of Michigan, Museum of Zoology (Ann Arbor, Michigan, USA; UMMZ).
Species of snails were identified using the monograph of Pilsbry (1939 Pilsbry ( -1948 ; G. sterkii appears in volume II, part 2 of Pilsbry's (1946) monograph. Whorls were counted, to the nearest ¼ whorl, by the method of Kerney and Cameron (1979) . A shell was photographed with a digital camera (Nikon Coolpix E995) mounted on a Russian stereomicroscope (model МбС-10). Multiple images were focus-stacked using Helcion Focus v. 5.2 (Helcion Soft Ltd). depressions (10 spp., including G. sterkii). The third sample, from a relatively drier upland area, did not include this species (4 spp.). Altogether, in all years and in all areas of the woods, we found 16 other terrestrial snails (Table 2) .
Results

Guppya sterkii (Dall, 1888)
Identification. Shell minute, to 1.3 mm in diameter, thin, translucent, very pale, nearly colourless (Fig. 2) . Spire low, conical. Whorls rather closely coiled, largest shells with ca 3-3½ whorls. Periphery rounded, medial. Base flattened, slightly hollowed out in the umbilical area. Umbilicus closed. Aperture broadly crescent-shaped, edentulate. Outer lip thin, simple. Protoconch with microscopic spiral striae. Teleoconch with microscopic spiral striae and weak, irregular incremental growth wrinkles.
No other species of terrestrial snail in Canada resembles G. sterkii, and certainly not any species in Ontario. Species of Euconulus Reinhardt, 1883 are larger (when fully grown), yellowish-to reddish-brown, and with sharper sculpture (close collabral threads on apical surface of whorls; spiral striae on base). As Oughton (1948) noted, it may be mistaken for the immature of other species because of its size.
Discussion
The new, eastern Ontario record is roughly 175 km northwest of Peterborough, one of Oughton's (1948) localities (Fig. 1) . Based on Hubricht (1985) , the nearest occurrence in the USA is in Onondaga County, New York, approximately 230 km or more south-southeast of the Ottawa site. The new records, like all others so far from Ontario, are within the Mixedwood Plains ecozone (Fig. 1) .
Guppya sterkii is one of the smallest terrestrial snails in Canada, with adult shells not exceeding 1.3 mm (Oughton 1948). As such, it seems probable that it is underrepresented in collections, as visual searches in the field are unlikely to find this microsnail. Oughton (1948) was the first to find this species in Ontario, but he may have also been the first to collect microsnails by sorting through leaf litter and drift samples. Most earlier collectors in Ontario, prior to Oughton, did not record their methodology for collecting, but we presume that they utilized only field-based visual searches. More recently, avid collectors of land snails, such as the late F. Wayne Grimm (collection now in the Canadian Museum of Nature, Gatineau, Quebec) and Michael Oldham (Natural Heritage Information Centre, Ontario Ministry of Natural Resources and Forestry, Peterborough, Ontario) had not found G. sterkii. Since Oughton, this species has seldom been found (Table 1) , but its collection is highly dependent on suitable methods.
The NatureServe conservation rank of G. sterkii in Ontario is S1S3 (NatureServe 2017), which means that there is uncertainty in the rank, ranging from Critically Imperiled (S1) to Vulnerable (S3). Our 2016 fieldwork within the Ottawa region and in adjacent Quebec (Gatineau Park), surveyed 7 other forested sites using the same methodology of leaf litter collection. At these sites, G. sterkii was not detected and presumed absent. It might be that G. sterkii is truly rare in the Ottawa region, at the northern edge of its range. As we have not yet taken leaf litter samples from southwestern Ontario forests, we do not know how widespread or common this species is there.
Throughout southern Ontario, forests have been in decline since the first European colonists settled and cleared the land. In much of this area, mature deciduous forests are now mostly small, isolated fragments. It seems likely that at some of the historical sites of G. sterkii in Ontario no longer exist; for example, Long Branch, now within the City of Toronto, must have appeared a lot different in the 1930s when Oughton collected his material. However, forest remnants in southern Ontario, as well as many in the Ottawa region, show clear evidence of degradation of the forest-floor organic layer (O horizon), caused, we are most certain, by earthworms, of which the majority are invasive European species (Addison 2009 ). This reduction and even total elimination of the O horizon is now linked to invasive earthworms (e.g. Hale et al. 2008) . In most forests that we have visited, there are clear signs of extensive earthworm activity, with many castings, a mixture of organic with mineral soils, and greatly reduced leaf litter. In some places, there is more exposed earth than litter in forests that should have abundant leaf litter. While there has not yet been direct connection made between loss of snail faunas with overabundance of invasive earthworms, some have suggested a connection (Norden 2010 , Forsyth et al. 2016 , and for litter-dwelling microsnails, the persistence year-round of the microhabitats afforded by a quality leaf litter layer is paramount. Without this, they likely cannot survive. At the Ottawa forest where we found G. sterkii, there were earthworms but the disturbance was only moderate. Thus, the possible natural rarity of G. sterkii, a short supply of intact forests, and a degradation or elimination of leaf litter on the forest floor are the expected threats to G. sterkii. However, because of its minute size, the possibility of detection of this species makes surveys difficult and time-consuming.
